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tSSSe DoSbTORS SUCCINIC ACID AMIDB DERIVATIVES AS METALLOPRO- 

The present invention relates to therapeutically active hydroxamic acid and 
carboxylic acid derivatives, to phamiaceutical compositions containing them, and 
to the use of such compounds in medicine. In particular, the compounds are 
inhibitors of metalloproteinases involved in tissue degradation, and In addition are 
inhibitors of the release of tumour necrosis factor from cells. 

Background to the Invention 

Compounds which have the property of inhibiting the action of metalloproteinases 
involved in connective tissue breakdown such as collagenase, stromelysin and 
gelatinase (known as "matrix metalloproteinases". and herein referred to as 
iVIMPs) are thought to be potentially useful for the treatment or prophylaxis of 
conditions involving such tissue breakdown, for example rheumatoid arthritis, 
osteoarthritis, osteopenias such as osteoporosis, periodontitis, gingivitis, corneal 
epidenmal or gastric ulceration, and tumour metastasis, invasion and growth. MMP 
Inhibitors are also of potential value in the treatment of neuroinflammatory 
disorders. Including those involving myelin degradation, for example multiple 
sclerosis, as well as in the management of angiogenesis dependent diseases, 
which include arthritic conditions and solid tumour growth as well as psoriasis, 
proliferative retinopathies, neovascular glaucoma, ocular tumoura, angiofibromas 
and hemangiomas. 

Tumour necrosis factor (herein referred to as TNP) is a cytokine which is 
produced initially as a cell-associated 28kD precursor. It is released as an active, 
17kD fonn , which can mediate a large number of deleterious effects in vivo. When 
administered to animals or humans it causes Inflammation, fever, cardiovascular 
effects, haemorrhage, coagulation and acute phase responses, similar to those 
seen during acute Infections and shock states. Chronic administration can also 
cause cachexia and anorexia. Accumulation of excessive TNF can be lethal. 



There is considerable evidence from animal model studies that blocking the effects 
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Of TNF with specific antibodies can be beneficial in acute infections, shock states, 
graft versus host reactions and autoimmune disease. TNF is also an autocrine 
growth factor for some myelomas and lymphomas and can act to inhibit normal 
haematopoiesis in patients with these tumours. 

Compounds which inhibit the production or action of TNF are therefore thought to 
be potentially useful for the treatment or prophylaxis of many inflammatoiy. 
infectious, immunological or malignant diseases. These include, but are not 
restricted to, septic shock, haemodynamic shock and sepsis syndrome, post 
ischaemic reperfusion injury, malaria, Crohn's disease, mycobacterial infection, 
meningitis, psoriasis, congestive heart failure, fibrotic disease, cachexia, graft ' 
rejection, cancer, autoimmune disease, rheumatoid arthritis, multiple sclerosis, 
radiation damage, toxicity following administration of immunosuppressive 
monoclonal antibodies such as OKT3 or CAMPATH-1 and hyperoxic alveolar 
injury. 

Since excessive TNF production has been noted in several diseases or conditions 
also characterised by MMP-mediated tissue degradation, compounds which inhibit 
both It/IMPs and TNF production may have partfcular advantages in the treatment or 
prophylaxis of diseases or conditions in which both mechanisms are involved. 

Recently. WO 93/20047 disclosed a class of hydroxamic acid based MMP Inhibitors 
which also are active In inhibiting TNF production. 

As mentioned above. MMP inhibitors have been proposed with hydroxamic acid or 
carboxylic acid zinc binding groups. The following patent publications disclose 
hydroxamic acid-based and/or carboxylic acid-based MMP inhibitors: 



US 4599361 

EP-A-2321081 

EP-A-0236872 



(Searle) 

(101) 

(Roche) 
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EP-A-0274453 


(Bellon) 


WO 90/05716 


(British Bio-technology) 


WO 90/05719 


(British Bio-technology) 


WO 91/02716 


(British Bio-technology) 


WO 92/09563 


(Glycomed) 


US 5183900 


(Glycomed) 


US 5270326 


(Glycomed) 


WO 92/17460 


(SmithKline Beecham) 


EP-A-0489577 


(Celltech) 


EP-A-048g579 


(Celltech) 


EP-A-0497192 


fRoche) 


US 5256657 


(Steriina Winthroo) 


WO 92/13831 


^British Bio-technoloov) 


wo 92/22523 


(Research Corporation Technologies) 


WO 93/09090 


(Yamanouchi) 


WO 93/09097 


(Sankyo) 


WO 93/20047 


^British Bio*technoloa\/^ 


WO 93/24449 


(Celltech^ 

l^^wlllwwIIJ 


WO 93/24475 


(Celltech^ 


EP-A-0574758 


(Roche) 


EP-A-0575844 


(Roche) 


WO 94/02447 


(British Biotech) 


WO 94/02446 


(British Biotech) 


WO 94/21612 


(Otsuka) 


WO 94/21625 


(British Biotech) 


WO 94/24140 


(British Biotech) 


WO 94/25434 


(Celltech) 


WO 94/25435 


(Celltech) 


WO 95/04033 


(Celltech) 


WO 95/04735 


(Syntex) 


WO 95/04715 


(Kanebo) 


WO 95/09841 


(British Biotech) 
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WO 95/12603 (Syntex) 

In addition, disclose hydroxamic acid- and carboxylic acid based MMP inhibitors 
principally characterised by the identity of the groups corresponding to R 

Brief Description of the Invpntj^n 

The present invention makes available certain MMP inhibitors falling within the 
general disclosure of our copending International Patent Applications nos 
PCT/GB95/001 1 1 and PCT/GB95/00121. which have the general properties 
therein described, but which are not specifically disclosed or characterised therein. 

Detailed Description n f the Inventtnp 

The present invention provides compounds selected from the group consisting of: 

2,Ni-Dihydroxy-3-isobutyl-N4.[2-methoxy-2-methyl-1-(pyridin-2-yl- 
carbamoyl)-propyl]-succinamide, 

Ni-(2-Fluoro-2-methyl-1-methylcarbamoyl-propyl)-N4.hydroxy-2-isobutyl-3- 
methoxy-succinamlde, 

N4-Hydroxy-2-lsobutyl-Ni.[2.mercapto-2-methy|.1.methylcarbampyl-propyl)- 
3RS-methoxy-succinamlde, 

2-Ally|.N4.(2-Fluoro.2.methy|.1-methylcarbamoyl-propyl)-Ni-hydroxy-3- 
isobutyi-succinamlde, 

2-Allyl-Ni-hydroxy.3-lsobuty|.N4.(2.methyl-1-methylcarbamoyl-2-phenyl- 
propyl)-succinamlde. 



2-Allyl-N4-(2,2-dimethyl-1-methylcarbamoyl-but-3-enyl)-Ni-hydroxy-3- 
isobutyl-succinamide. 



PCT/GB95AI16M 



3-{3-Hydroxycarbamoyl-2-isobutyl-hex-5-enoylamlno)-2.2.N-trimethy|. 
succinamic acid methyl ester, 

3-[2.2-Dimethyl-1-(pyridin-2-ylcarbamoyl)-propylcarbamoyl]-2-hydroxy-5. 
methyl-hexanoic acid, 

and salts hydrates or solvates thereof. 

In the compounds of the invention, the preferred stereochemistry is in general as 
follows: 

C atom carrying the Ri and X group - S. 
C atom carrying the R2 group - R, 
C atom carrying the R3 group - S. 
but mixtures In which the above configurations predominate are also contemplated. 



Accordingly the prefenied stereoisomers of the compounds of the 



invention are: 



2S,Ni-Dlhydroxy-3R.isobutyl-N4.[2-methoxy-2-methyl-1S-(pyridln-2-y|. 
carbamoyl)-propyl]-succlnamide, 

Ni-(2-Fluoro.2.methyMS.methylcarbamoyl-propyl).N4-hydroxy-2R.isobutyl- 
3S-methoxy-succinamide, 

N4.Hydroxy-2R-lsobuty|.Ni-[2-mercapto-2.methyMS-methylcarbamoy|. 
propyl)-3S-methoxy-succlnamlde, 

2S.AIIyl-N4.(2.Fluoro-2-methy|.1S-methylcarbamoyl-propyl).Ni-hydroxy-3R. 
tsobutyl-succinamide, 



2S-Ally|.Ni-hydroxy-3R.|sobutyl-N4.(2-methyl-1S-methylcarbamoy|.2- 
phenyl-propyO-succinamide, 
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2S-Allyl-N4-(2.2-dimethy|.1S-methylcarbamoyl-but-3-enyl)-Ni-hyd^^ 
Isobutyl-succinamide, 

3R-(3S-Hydroxycarbamoyl-2R-isobutyl-hex-5-enoylamino)-2.2.N-trimethy|. 
succinamic acid methyl ester, 

3R-[2,2-Dimethyl-1S-(pyrldln-2-ylcarbamoyl).propylcarbamoyl]-2S-hydroxy- 
5-methyl-hexanotc acid, 

and salts hydrates or solvates thereof. 

As mentioned above, compounds of fomfiula (I) are useful in human or veterinafy 
medicine since they are active as Inhibitors of MIVIPs. and a further advantage lies 
In their ability to inhibit the release of tumour necrosis factor (TNF) from cells. 

Accordingly In another aspect, this invention concerns: 

(i) a method of management (by which is meant treatment or prophylaxis) of 
diseases or conditions mediated by MMPs and/or TNF in mammals, in particular In 
humans, which method comprises administering to the mammal an effective 
amount of a compound as defined with respect to formula (I) above, or a 
pharmaceutically acceptable salt thereof; and 

(li) a compound as defined with respect to fomiula (I) for use in human or veterinary 
medicine, particulariy in the management (by which Is meant treatment or 
prophylaxis) of diseases or conditions mediated by MMPs and/or TNF; and 

(iii) the use of a compound as defined with respect to fomiula (I) in the preparation 
of an agent for the management (by which is meant treatment or prt>phylaxis) of 
diseases or conditions mediated by MMPs and/or TNF. 
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Diseases or conditions mediated by MMPs include those involving tissue 
breakdown such as bone resorption, inflammatory and neuroinflammatory 
diseases, demiatological conditions, solid tumour growth and tumour invasion by 
secondary metastases, and angiogenesis dependent diseases, in particular 
rheumatoid arthritis, osteoarthritis, periodontitis, gingivitis, corneal ulceration solid 
tumour growth and tumour Invasion by secondary metastases, neovascular 
glaucoma, multiple sclerosis, and psoriasis. Diseases or conditions mediated by 
TNF include inflammation, fever, cardiovascular effects, haemorrtiage. coagulation 
and acute phase response, cachexia and anorexia, acute infections, shock states, 
graft versus host reactions and autoimmune disease. 

In a further aspect of the Invention there is provided a phamiaceutical or veterinary 
composition comprising a compound of fom,ula (I) together with a phamiaceutically 
or vetennarily acceptable exclpient or carrier. Included within this aspect of the 
invention is a phamiaceutical or veterinary composition comprising a compound of 
fomiula (I) together with a pharmaceutlcally or veterinarily acceptable exclpient or 
carrier, characterised in that the composition is adapted for oral administration. 

One or more compounds of general fomiula (I) may be present in the composition 
together with one or more einiplent or carrier. 

The compounds with whteh the invention is concerned may be prepared for 
administration by any route consistent with their pharmacokinetic properties. The 
orally administrable compositions may be in the fomi of tablets, capsules, powders, 
granules, lozenges, liquid or gel preparations, such as oral, topical, or sterile 
parenteral solutions or suspensions. Tablets and capsules for oral administration 
may be in unit dose presentation form, and may contain conventional excipients 
such as binding agents, for example symp. acacia, gelatin, sorbitol, tragacanth. or 
polyvlnyl-pyrrolidone; fillers for example lactose, sugar, maize-starch, calcium ' 
phosphate, sortjitol or glycine; tabletting lubricant, for example magnesium 
stearate. talc, polyethylene glycol or silica; disintegrants for example potato starch, 
or acceptable wetting agents such as sodium lauryl sulphate. The tablets may be 
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coated according to methods well known In normal pharmaceutical practice Oral 
liquid preparations may be in the form of. for example, aqueous or oily 
suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry 
product for reconstitution with water or other suitable vehicle before use. Such 
liquid preparations may contain conventional additives such as suspending 
agents, for example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin 
hydrogenated edible fats; emulsifying agents, for example lecithin, sorbitan 
monooleate. or acacia; non-aqueous vehicles (which may include edible oils), for 
example almond oil. fractionated coconut oil. oily esters such as glycerine 
propylene glycol, or ethyl alcohol; presen^atlves. for example methyl or propyl p- 

hydroxybenzoate or sorbic acid, and if desired conventional flavouring or colouring 
agents. 

The dosage unit im^olved in oral administration may contain from about 1 to 
250mg. preferably from about 25 to 250mg of a compound of the invention. A 
suitable dally dose for a mammal may vary widely depending on the condition of 
the patient. However, a dose of a compound of general fonnula I of about 0.1 to 
300mg/kg body weight, particularly from about 1 to lOOmgflcg body weight may be 
appropriate. 

For topical application to the skin, the drug may be made up into a cream, lotion or 
ointment. Cream or ointment fonnulations which may be used for the dnig are 
conventional fomnulations well known in the art. for example as described in 
standard textbooks of phannaceutics such as the British Phamiacopoeia. 

For topical application to the eye. the dmg may be made up Into a solution or 
suspension In a suitable sterile aqueous or non aqueous vehfele. Addlth/es. for 
instance buffers such as sodium metabisulphite or disodium edeate; preservatives 
including bactericidal and fungicidal agents such as phenyl mercuric acetate or 
nitrate, benzalkonium chloride or chlortiexidine. and thickening agents such as 
hypromellose may also be included. 
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The dosage for topical administration will of course depend on the size of the area 
being treated. For the eyes, each dose may typically be In the range from 1 0 to 
lOOmgofthedrug. 

The active ingredient may also be administered parenterally in a sterile medium. 
Depending on the vehicle and concentration used, the dmg can either be 
suspended or dissolved in the vehicle. Advantageously, adjuvants such as a local 
anaesthetic, presen/atlve and buffering agents can be dissolved In the vehicle. 

For use in the treatment of rheumatoid arthritis, the dmg can be administered by the 
oral route or by Injection intra-artlcularly into the affected joint. The daily dosage for 
a 70kg mammal may be in the range lOmgs to Igram. 

The following examples describe the preparation of compounds of the Invention. 
The preferred isomers of these compounds are isolated by standard 
chromatographic techniques. 

Unless othenwise Indicated, the amino acids used in the examples were 
commercially available or were prepared according to literature procedures. 
Preparation of the starting materials 2R-(2,2-dlmethyl-5-oxo-[1,3]-dioxalan-4S-yl)- 
4-methyl-pentanolc acid and 2S-allyl-3R-isobutyl-succinic acid 1-fe/tbutyl ester 
has been described previously In WO 94/02447 and WO 94/21625, respecBvely. 

The following abbreviations have been used throughout: 

N , N-Dimethylf ormamide 
1 -Hydroxybenzotriazole 
N-Methytmorphoiine 
Tetrahydrofuran 
Trifluoroacetic acid 
Thin layer chromatography 

N-Ethyl-N'-(3-dimethylaminopropyl)cari3odlimide hydrochloride 



DMF 

HOBt 

NMM 

THF 

TFA 

TLC 

EDO 
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1H and i3C NMR spectra were recorded using a Bruker AC 250E spectrometer at 
250.1 and 62.9 MHz, respectively. Elemental microanalyses were performed by 
Medac Ltd. (Department of Chemistry, Brunei University, Uxbridge. Middlesex UBS 
3PH). 



EXAMPLg 1 



2S.Ni.Dlhydroxy-3R-isobutyl-N4.l2-methoxy-2.methy|.lRS-(pyridln-2.yl- 

carbamoyl)-propyl]-succinamide 




2R-(2,2-Dimethyl-5-oxo-[1 .31dioxolan-4S-yl)-4-melhyl-pentanoic acid [2-metlioxy- 
2-methyl-1RS-(pyridin-2-ylcarbamoyl)-propyl]-amide 

To a solution of 2R.(2.2-dimethy|.5.oxo-[1,31.dioxalan-4S-yl)-4.methyl^)entanoic 
acid (280 mg, 1.23 mmol) In DMF (80 ml) was added HOBt (199 mg. 1.48 mmol) 
and EDC (290 mg, 1,48 mmol). The reaction mixture was stirred for 2 hours at 
room temperature, RS-3-methoxyvaline N'(2-pyrldyl)amlde (260 mg. 1.23 mmol) 
was added and stining was continued ovemight. The solvent was removed under 
reduced pressure and the residue was purified by column chromatography (silica 
gel, 3% methanol In dichloromethane) to give the desired product as a white foam 
(280 mg, 54%). iH-NMR; 8 (CDCI3), 8.58 (0.6H. d, J = 2.7 Hz), 8.56 (0.4H, d. J = 
2.5 Hz), 8.35 (IN. m), 8.14 - 8.09 (1H, m). 7.30 - 7.25 (IN. m). 6.80 (1H. m), 4.67 - 
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MeO'^i^CONHOH^ 
H 

STEP A : 

2S-Hydroxy-3R-isobutyl-succinlc acid dimethyl ester 

2R.(2,2-Dimethyl-5-oxo-I1,3J-dioxolan-4S-yl)-4-methyl-pentanoic acid (75.0 g, 
0.326 mol) was dissolved In methanol (500 ml) and cooled to 0»C and the resulting 
solution was saturated with hydrogen chloride gas. The reaction mixture was 
allowed to warm to room temperature and stin-ed ovemlght. The solvent was 
removed under reduced pressure and the residue was dissolved in 
dichloromethane and washed successively with saturated NaHCOa and brine. The 
organic layer was dried (anhydrous MgS04). filtered and evaporated to dryness 
under reduced pressure to give the title compound (53 g, 75%). iH-NMR; 5 
(CDCI3). 4.10 (1H. d. J = 4.0 Hz), 3.60 (3H, s). 3.50 (3H. s), 2.82 - 2.74 (1H. m). 1.61 
- 1 .40 (2H, m) 1 .33 . 1 .23 (1 H, m) and 0.76 - 0.73 (6H, m). 

SIEPfi: 

2R-lsobutyl-3S*methoxy-succinic acid dimethyl ester 

2S.Hydroxy-3R-lsobutyl-succinic acid dimethyl ester (9.6 g 44 mmol) was 
dissolved in DMF (5 ml) and distilled iodomethane (3.3 ml) and silver (I) oxide (1 1.2 
g) were added. The reaction was stirred with the exclusion of light for 2 days at 
room temperature. The solvent was removed under reduced pressure and the 
residue was purified by column chromatography (silica gel. dichloromethane) to 
give the tnie compound as a yellow viscous liquid, 4.70 g (46%). iH-NMR; 5 
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(CDCIa). 3.83 (1H. d. J = 7.5 Hz). 3.71 (3H. s). 3.62 (3H. s). 3.30 (3H. s). 2.89 - 2.80 
(1H. m). 1.65 - 1.39 (2H. m). 1.15 - 1.04 (1H. m) and 0.83 - 0.81 (6H. m). 

STEPC : 

2R-lsobutyl-3S-methoxy-succinlc acid dilithium salt 

Lithium hydroxide (1.76 g. 42.0 mmol) was added to a solution of 2R-isobutyl-3S- 

methoxy-succlnlc add dimethyl ester (4.70 g, 20.0 mmoO in methanol (30 ml) and 

water (30 ml). The reaction mixture was stirred at room temperature for 2 hours 

then solvents were removed under reduced pressure to give the product as a 

yellow solid (4.40 g. 100%). iH-NMR; 5 (CD3OD). 3.52 (1H. d. J = 5.1 Hz). 3.27 

(3H. s). 2.69 - 2.61 (1H. m), 1.56 - 1.53 (2H. m). 1.34 - 1.28 (1H, m) and 0.82 - 0 78 
(6H,m). 

SIEELC: 

2R-lsobutyl-3S-methoxy-succinic acid 4-methyl ester 

2R.|sobutyl-3S-methoxy-succinic acid dilithium salt (4.40 g, 20.0 mmol) was 
dissolved in THF (30 ml), the solution was cooled to O'C and trifluoroacetic 
anhydride (30 ml) was added. The reaction was stirred for 4 hours, the solvent was 
removed under reduced pressure and the residue was dissolved in methanol (2 
ml) at OX and stirred to room temperature overnight. The solvent was removed 
under reduced pressure to give the title compound as a yellow oil (7.0 g. including 
residual solvent), which was used without further purification in STEP E. iH-NMR; 
5 (CD3OD). 7.61 (1H. d. J = 7.5 Hz). 3.65 (3H, s). 3.24 (3H. s), 2.78 - 2.67 (1H, m). 
1.56 . 1.42 (2H. m). 1.09 - 1.03 (1H. m) and 0.81 - 0.79 (6H. m). 
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3R-(2-Fluoro-2-methyl-1RS-methylcarbamoyl-propylcarbamoyl)-2S-methoxv-5. 
methyl-hexanoic acid methyl ester 

To an ice-cooled solution of 2R.isobuty|.3S-methoxy-succinic acid 4-methyl ester 
.5 g. 6^91 mmol) in DMF (35 ml) was added HOBt (1.07 g. 7.9 mmol) and EDC 
(1.51 g. 7.9 mmol) with stirring. The reaction mixture was allowed to warn, slowly to 
n,om temperature and stirred for a further 2 hours to ensure complete fomiation of 
the activated ester, before cooling back to OX. In a separate vessel 2RS.3. 
fluorovallne N-methylamide (0.97 g. 6.58 mmol) was prepared by mixing 2RS-3- 
fluorovalme N-methylamide trifluoroacetate salt with N-methylmorpholine (1 29 ml) 
.n DMF (25 ml). The solution of free amine thus fomied was added to the activated 
ester and the mixture was allowed to warm to room temperature and stirred 
overnight. The solvent was removed under reduced pressure, the residue was 
d«80lved In ethyl acetate and the solution was washed successively with 1M HCI 
1M Na^COa and brine. The organic layer was dried (anhyd. MgS04). filtered and 
evaporated to give the title compound as a 1:1 mixture of diastereoisomers (1 69 g 
73«^) 1H-NMR; 6 (CDCI3). 7.00 (0.5H. d. J = 8.9 Hz). 6.91 (0.5H. J = 9.0 Hz) 6 51 
(0.5H. brs). 6.31 (0.5H. brs). 4.58 (1H. m). 3.88 (1H. m). 3.78 (1.5H. s). 3.77 (1 6H 
s).3.42 (1.5H. s). 3.41 (1.5H. s). 2.81 (3H. m). 2.76 (1H. m). 1.69 (1H. m). 1.55 ('ih' 

ri/f ^'f '-'^ ^-21 OH. m) and 

U.9 1 (on, m). 

STEPF: 

3R-(2-Fluoro.2-methyl-1RS-methylcarbamoy|.propylcarbamoyl)-2S-methoxy.5- 
methyl-hexanolc acid lithium salt 

3R.(2-Fluoro-2-methyl-1RS-methylcarbamoyl-propylcarbamoyl)-2S-methoxy-5- 
methyl-hexanolc acid methyl ester (1.89 g. 4.82 mmol) was dissolved in methanol 
(60 ml) and water (20 ml) and lithium hydroxide (212 mg. 5.06 mmol) was added 
The mixture was stirred for 4 hours at room temperature whereupon hydrolysis was 
shown to be complete by TLC. The solvents were removed under reduced 
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pressure to leave an oil which was dried under high vacuum. Yield: 1.81 g (ca. 
quant.)'. IH-NMR; 5 (CD3OD), 4.39 (1H, m). 3.50 (1H, m), 3.20 (3H. m), 2.67 (3H. 
m), 1.61 (2H, m), 1.45 - 1.28 (6H, br m), 1.15 (1H, m) and 0.80 (6H, m). 

STEPQ : 

Ni-(2-Fluoro-2-methyl-1RS-methylcarbamoyl-propyl)-N4.hydroxy-2R-lsobutyl-3S- 
methoxy-succinamide 

A solution of 3R-(2-fluoro-2-methyl-1RS-methylcarbamoyl-propylcarbamoyl)-2S- 
methoxy-5-methyl-hexanoic acid lithium salt (1.81 g, 4.71 mmol) in DMF was 
converted to the HOBt activated ester, using a procedure analogous to that 
described in STEP E. Hydroxyiamine hydrochloride (492 mg, 7.07 mmol) and 
NMM (777jil, 7.07 mmol) were added and the reaction mixture was stirred 
overnight at room temperature. The solvent was removed under reduced pressure 
leaving an oil which was purified by column chromatography (acid-washed silica 
gel, gradient elution with 0 to 5% methanol in dichloromethane) to yield the title 
compound as a white foam (85 mg, 5%; 1:1 mixture of diastereoisomers). m.p. 173 
- 175''C. IH-NMR; 5 (CD3OD), 4.49 (0.5H, s), 4.45 (0.5H. s), 3.46 (0.5H. d. J = 9.5 
Hz), 3.23 (0.5H, m), 3.20 (1.5H, s), 3.15 (1.5H, s), 2.73 (1H, m). 2.65 (1.5H, s), 2.64 
(1.5H, s), 1.51 (1H. m), 1.45 - 1.24 (7H, br m), 0.94 (1H, m) and 0.82 - 0.74 (6H, br 
m). 13C-NMR: 8 (CD3OD). 175.5. 175.2, 171.0. 169.3, 169.2, 63.3. 63.0. 60.7. 
59.3, 58.1, 38.4, 26.5, 25.5, 24.9, 24.6,. 23.9, 21.9 and 21.6. IR; v„ax (KBr), 3306, 
2957, 2442. 2360, 1638, 1539. 1456, 1387, 1212. 1154 and 1106 cm-1. Found: C 
50.58, H 7.78, N 11.70%; C16H28FN3O5. 0.4 H2O requires: C 50.52, H 8.14, N 
11.78%. 

The following additional compound was prepared according to the methods of 
Example 2: 



wo 97/03966 



PCT/GB9S/01698 



16 



N4-Hydroxy-2R-isobutyt-Ni-[2-merc^to-2-methyl-1RS-methylcarbamoyl-propyl)- 
3RS-methoxy-succinamide 



Mixture of diastereoisomers. iH-NMR; 5 ((003)280, major diastereoisomer), 
10.68 (1H, s), 8.91 (1H, s), 7.80 (1H, d, J = 9.1 Hz). 7.15 (1H, m). 4.38 (1H, d, J « 4.9 
Hz), 3.26 (1H, d, J = 4.0 Hz), 3.20 (3H. s), 2.75 (1H, m). 2.63 (1H, s). 2.45 (3H, d, J » 
3.9 Hz). 1 .28 (3H, s), 1.21 (3H, s), 1.40 - 1.10 (3H, br m) and 0.69 (6H, br m). isc- 
NMR; 5 ((003)280. major diastereoisomer), 172.4. 169.5, 166.0. 81.0, 60.9, 47.8, 
46.2. 37.2, 32.9. 30.8, 28.1, 25.5, 25.3. 23.9 and 21.9. 



2S-A!lyl-N4-(2-Fluoro-2-methyl-1RS-methylcarbamoyi-propyl)-Ni-hydroxy-3B- 
isobutyl-succinamlde 



2S-{1R-(2-Fluoro-2-melhyl-1 RS-methylcarbamoyl-propylcarbamoyl)-3-methyl- 




EXAMPLE4 




STEP A : 
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butyl]-pent-4-enoic acid /ert-butyl ester 

RS-3-fluorovaline TFA salt (2.12. 8.04 mmol) was dissolved in ethyl acetate (100 
ml) and converted to the free amine by dropwise addition of NMM (1 .58 ml). To this 
solution was added 2S.allyl-3R-isobutyl-succinic acid 1-tert-butyl ester 
dicyclohexylamine salt (3.98 g. 8.84 mmol). HOBt (1.30 g. 9.65 mmol) and EDC 
(1.85 g, 9.65 mmol). The mixture was heated at reflux for 8 hours and then left to 
stir overnight at room temperature. The precipitated was removed by filtration and 
the filtrate was washed successively with 1M HCI, 1M NasCOg and brine, dried 
over anhydrous MgS04 and filtered. The solvent was evaporated and the residue 
was purified by column chromatography to afford the title compound (1.18 g, 370/0; 
2:1 mixture of diastereoisomers). IH-NMR; 8 (CDCI3), 6.82 (1H. t, J = 8.9 Hz). 6.61 
(1H, m). 5.71 (1H, br m). 5.04 (2H, m). 4.78 (1H. m). 2.89 (1H, d. J = 6.9 Hz). 2.85 
(2H. d. J = 6.9 Hz). 2.55 (2H. m). 2.21 (2H, m), 1.75 (1H. m). 1.52 (1H. s). 1.46 (6H. 
s). 1.42 (3H, s). 1.40 (2H, s). 1.39 (2H. s). 1.31 (1H. s). 1.12 (1H. m) and 0.89 (6H.' 
m). 

STEP B - 

2S-[1R-(2-Fluoro-2-methyl-1RS-methylcarbamoyl-propylcarbamoyl)-3-methyl- 
butyl]-pent-4-enoic acid 



2S-I1R-(2-Fluoro-2-methyl-1RS-methylcarbamoyl-propylcarbamoyl)-3-methyl- 
butyl].pent-4-enoic acid fert-butyl ester (1.18 g. 2.94 mmol) was dissolved in 
dichloromethane (50 ml) and TFA (50 ml) and the solution was stored overnight at 
0»C. Solvents were removed under reduced pressure and the residue was 
azeotroped with toluene to remove excess TFA. The resulting foam (1.07 g, 
including residual TFA) vi^as used without further purification. iH-NMR; 5 (CDCI3). 
5.62 (IN. m). 4.90 (2H. m). 4.51 (IN. br m). 2.66 (1H, s). 2.64 (2H. s), 2.60 (1H. m). 
2.46 (1H, m), 2.27 - 2.05 (2H, br m). 1.60 (1H, m), 1.39 (2H. s). 1.36 (1H. s). 1.35 
(1H. m). 1.30 (2H, s). 1.28 (1H. s), 1.05 (1H, m) andO.86 (6H. brm). 



wo 97/03966 



PCT/GB9S/V1698 



18 



SIEE£: 

2S-Allyl-N4.(2.fluoro.2.methyl-1RS-methylcarbamoy|.propyl)-Ni.hydroxy.3R. 
isobutyl-succinamide 

2S^1R-(2-Ruoro-2.methyl-1RS-methyIcarbamoyl-propylcarbamoyl)-3-methyl- 
butyl]-pent-4-enorc acid (1.07 g. 3.1 1 mmol) was converted to the title compound by 

a method analogous to that described in Example 2. After solvent evaporation the 
product was isolated by trituration with ethyl acetate and water. The resulting white 
solid was collected by filtration, washed successively with ethyl acetate and diethyl 
ether and dried under high vacuum. Yield: 397 mg (35%; ca. 2:1 mixture of 
diastereolsomers). iH-NMR; 5 (CD3OD). 10.34 (lH,s). 8.64 (1H. br s). 8.23 
(0.65H. d. J = 9.4 H2). 8.11 (0.35H. d. J = 9.2 Hz), 7.86 (1H. m). 5.39 (1H. m). 4.74 
(2H. m). 4.43 (1H. m). 2.57 (2H. m), 2.44 (3H. d. J = 3.9 Hz). 2.01 (1.3H. m). 1.78 
(0.7H. m). 1.30 - 0.99 (8H. m and 4s) and 0.85 - 0.59 (7H. br m). ISC-NMR; 5 
(CD3OD). 171.5. 169.1. 168.5. 135.9, 115.8. 95.6, 94.3. 63.0, 58.6, 54.4. 52.2. 46.1. 
45.5. 41.9. 36.2, 34.2. 25.2. 25.0. 24.3. 21.5 and 15.4. IR; v„ax (KBr). 3315. 2952.' 
1639, 1561. 1531. 1470. 1384. 1219 and 1150 cm-i. 



The following additional compounds were prepared according to the methods of 
Example 4: 



EXAMPLE $ 



2S-Ally|.Ni-hydroxy-3R-isobutyl-N4.(2-methyl-1RS-methylcarbamoy|.2-phenyl- 
propyl)-succinamide 
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H n ,H H 



White solid (1:1 mixture of diastereoisomers). m.p. 206 - 209 °C. iH NMR; 5 
(CDCI3). 7.39 - 7.29 (2H. m) 7.24 - 6.99 (3H. m). 5.59.- 5.24 (IH. m). 4.90 - 4.68 
(3H. m). 2.53 (1.5H. s). 2.51 (1.5H. s). 2.50 - 2.33 (IH. m). 2.21 - 1.63 (3H, m). 1.38 
(1.5H. s). 1.37 (1.5H. s). 1.30 - 1.10 (2H, m). 1.00 - 0.82 (IH. m). 0.74 (1.5H, d. J = 
6.4 Hz). 0.68 (1.5H. J = 6.5 Hz) and 0.60 - 0.50 (3H. m). "C NMR; 5 (CDCI3), 

176.2. 176.1. 172.8. 172.6. 172.5. 147.6, 136.3, 136.2. 129.3. 129.2. 127.5. 127.3. 

117.3. 62.6, 62.5, 48.0. 47.7. 47.4. 41.8. 41.1. 35.9. 35.6. 27.6, 27.3. 26.3. 26.1. 
24.5, 24.4 and 21 .6. IR; v^ax (KBr). 3274. 2956. 1634, 1541, 1388, 1369 cm-i. 



2RS-Allyl-N4-(2.2-dlmethyl-1RS-methylcarbamoyl-but-3-enyl)-Ni-hydroxy-3R. 
isobutyl-succinamide 



EXAMPLE fi 




White solid (mixture of diastereoisomers). m.p. 208 - 210-0. iH NMR; 6 (CD3OD), 
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methyl-hexanoic acid 




CO2H 



vH H 



STEP A : 



2-(2,2-Dimethyl-5-oxo-I1 ,3]dioxolan-4-yl)-4-methyI-pentanoic acid I2,2-dimethyl-1- 
(pyridin-2-ylcart}amoyl)-propyi]-amide 

The tRIe compound was prepared from 2R-(2,2-dimethyl-5-oxo-[1.3]-dioxalan-4S- 
yO-4-methyl-pentanoic acid and S-fert-leucine N-(2-pyridyl)amlde according to the 
method described in Exampie 1 STEP A. iH-NMR; 5 (CDCI3), 9.54 (1H. s), 8.49 
(1H, m), 8.21 (1H, d. J = 8.4 Hz), 7.72 (1 H, m), 7.10 (1H. m). 6.82 (1 H. d. J = 9.1 Hz). 
4.58 (1H, d. J = 5.8 Hz). 4.57 (1H. d, J = 9.2 Hz), 2.80 (1H, m). 1.80 (1H, m), 1,70 - 
1.58 (5H, m and s), 1.54 (3H, s). 1.01 (9H, s), 0.92 (3H. d, J = 6.6 Hz) and 0.89 (3H. 
d.J»6.5Hz). 



3R-[2,2-Dimethyl-lS-(pyridin-2-ylcarbamoyl)-propylcarbamoyl]-2-hydroxy-5- 
methyl-hexanoic acid 

2-(2.2-Dlmethyl-5-oxo-I1 ,31dioxolan-4-yl)-4-methyl-pentanoic acid [2,2-dimethyl-1- 
(pyridin-2-ylcarbamoyl)-propyll-amide (500 mg. 1.15 mmol) was suspended in 
methanol (8 ml) and water (6 mi) and stin-ed until a clear solution was obtained (7 
days). TLC indicated that all of the starting material had been consumed. The 
solvents were removed under reduced pressure to leave the title compound as a 



STEPB : 
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White solid (450 mg, ca. quant.), m.p. 108.5 - 110«>C. iH-NMR; 8 (CDCI3), 8.82 

(1H. d. J = 8.8 Hz), 8.41 (1H, m), 8.27 (1H. m). 7.45 (1H, m). 7.07 (1H. d. J = 7.9 

Hz), 4.44 (1H. m). 4.42 (1H. d, J = 3.1 Hz). 2.97 (1H, m). 1.72 (3H, m). 1.12 (9H. s). 

0.98 (3H. d, J = 5.7 Hz) and 0.96 (3H. d, J = 5.8 Hz). nC-NI^R; 8 (CDCI3), 174.1, 

173.4. 171.7, 147.7, 146.5. 138.1. 134.8. 120.1. 117.5. 71.3. 63.0. 48.0. 38.4. 34.5. 
27.1. 25.6 and 22.5. 
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2S.Ni-Dihydroxy-3R-isobuty|.N4-[2-methoxy-2-methyl-1S-(pyridin-2-y|. 
carbamoyi)-propyl]-succjnamide, 

Ni.(2-Fluoro-2-methy|.1S-methylcarbamoyl-propyl)-N4-hydroxy-2R.isobuty^^ 
3S-methoxy-succinam!de, 

N4-Hydroxy-2R-lsobutyl-Ni.r2-mercapto-2-methyl-1S-methylcarbamoyl- 
propyl)-3S-methoxy-succinamlde, 

2S-Allyl-N4-(2-Fluoro-2-methy|.1S-methylcarbamoyl-propyl)-Ni-hydroxy-3R. 
isobutyl-succinamide, 

2S-Ally|.Ni-hydroxy-3R.isobutyl-N4.(2HnethyMS.m6thylcarbamoyi:2- 
phenyl-propyl)-succinamide, 

2S-Ally|.N4.(2.2-dimethy|.1S-methylcarbamoyl-but-3-enyl)-Ni-hydroxy-3R. 
isobutyl-succinamide, 

3R-(3S-Hydroxycarbamoyl-2R-isobutyl-hex-5-enoylamino)-2.2,N-trimethyl- 
succinamic acid methyl ester, or 

3R-[2.2-Dimethy|.1S-(pyridin-2-ylcarbamoyI)-propylcarbamoyl]-2S-hydroxy. 
5-methyl-hexanoic acid. 



a salt hydrate or solvate thereof. 
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